色素増感光重合系の初期過程に関する研究 by 山下, 克浩
別紙様式第３－２号                            No.1
博 士 論 文 内 容 の 要 旨
住 所
氏 名    山下 克浩 
 １ 論文題目（英文の場合は，和訳を付記すること）
Studies on primary processes in dye sensitized photopolymerization systems
（色素増感光重合系の初期過程に関する研究）
 ２ 要  旨（和文 2,000字程度又は英文 800語程度にまとめること。）
This thesis presents studies on primary processes in dye sensitized photopolymerization systems. 
In Chapter 1, the background and the motivation of this thesis are introduced. The history of 
photopolymers is reviewed. Four types of photopolymers are presented and dye sensitized 
photopolymerization systems, which are highly sensitive to visible light and suitable for direct 
imaging systems, are described.
In part I (Chapters 2, 3 and 4), energy migration and transfer among dyes, which play an 
important role in dye sensitized photopolymerization, in polymer matrices at high concentrations 
are studied by fluorescence and transient decay measurements. The interaction between dyes and 
surrounding medium causes stabilization of the excited states, i.e., formation of trap-site of the 
excitation energy, depending on the degree of interaction. The following chapters describe the 
critical role of trap-sites on the energy migration phenomena in polymer solid systems.
In Chapter 2, the photophysics of a sensitizing dye, 2,5-bis(4’-diethylaminobenzylidene)-
cyclopentanone (Dye-1) in solvents and polymer matrices containing carboxyl groups is reported. 
In acetic acid, the fluorescence spectrum of Dye-1 showed two bands of fluorescence with 
individual lifetimes. Two emitting species were also observed in polymer matrices containing 
carboxyl groups. The shorter and longer wavelength fluorescence bands are assigned to the 
emission from Dye-1 hydrogen bonded (HB) and protonated (PR) with the carboxyl group, 
respectively. As the concentration of Dye-1 increased, the ratio of PR fluorescence intensity to 
HB fluorescence intensity increased, and the lifetime of HB fluorescence decreased. The energy 
level of HB in the excited state is dispersive depending on the magnitude of hydrogen bonding,
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resulting in the gradual red-shift of fluorescence spectra with the increase of carboxyl content and 
Dye-1 concentration. Efficient energy transfer was observed from the HB to PR-Dye-1 which acts 
as an energy trap in the polymer matrix containing carboxyl groups. 
In Chapter 3,  the photophysics of the HB state and the PR state of Dye-1 in a polymer matrix 
containing carboxyl groups was investigated by fluorescence spectroscopy and decay curve 
analysis. The fluorescence spectrum of the excited Dye-1 HB with the carboxyl unit was 
composed of emission from two species peaking at 567 nm and 627 nm, which were assigned to 
the emission from the weakly HB state (HB1) and the strongly HB state (HB2) of Dye-1, 
respectively. The excitation energy is able to migrate through the HB1 states and then transfers to 
the HB2 site and the PR site. At low Dye-1 concentrations, not only PR but also HB2 act as deep 
traps of the excitation energy. The concentration of PR was estimated to be ca. 40% of Dye-1 by 
the fluorescence decay analysis based on the Förster kinetics. These results indicate that the 
photoinitiation reaction of this photopolymer system proceeds in competition with the energy 
transfer to these large amounts of trap sites formed by interaction between the Dye-1 and the 
carboxyl unit of the matrix polymer.                                       
In Chapter 4, a series of benzylideneketone dye derivatives were synthesized and the relationship 
between their molecular structure and their photochemical characteristics as a sensitizer in 
photopolymerization systems was investigated. As dyes having substituents with lower 
electron-donating ability than Dye-1 did not form a HB nor a PR state, alkali-developable 
photopolymerization systems incorporating these dyes as sensitizer is expected to have high 
sensitivity, because the system possesses efficient absorbed photon energy migration. 
Benzylideneketone dyes having rigid amino groups showed red shifts in both their absorption and 
fluorescence spectra compared with Dye-1. In contrast, dyes having a six-membered ring 
structure at their center displayed blue shifts in absorption and fluorescence spectra. These 
phenomena are ascribed to an increase and decrease in degree of conjugation, respectively. 
In Part II (Chapter 5), the photopolymerization of a methacrylate compound by a photoinitiator 
system consisting of an iron arene complex and Dye-1 was investigated. Infrared absorption 
spectroscopy clarified that the photopolymerization did not proceed completely. Electron Spin 
Resonance measurements showed that a cyclopentadienyl radical (CPR) was generated by the 
photoreaction in this system. The amount of the propagating polymethacrylate radicals (PPR) 
generated during light irradiation by this system increased much less than that by the 
photoinitiator system consisting of a peroxide initiator and Dye-1. Adding a phenylglycine 
compound (PC) reduced the amount of CPR, and increased that of PPR. These phenomena can be
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explained by (1) the inhibition of polymerization by CPR, and (2) the reduction of CPR by PC. 
Oxidized PC is assumed to generate an additional polymerization initiator, anilinomethyl radical. 
Addition of PC is an effective way to increase the polymerization conversion of the photopolymer 
which incorporates this photoinitiator system.
